Introduction {#sec1-1}
============

Hospitals are health institutions providing patient care services. In the process of health care, waste is generated.\[[@ref1]\] Poor management of health-care waste potentially exposes health care workers, waste handlers, patients, and the community to infection, injuries, and toxic pollutants with a great possibility risk for polluting the environment.\[[@ref2]\] The impacts of poor health-care waste management differ from one group of workers to another. The staff that cleans the hospital and collects waste may often be at greater risk than a medical staff that produces it.\[[@ref3]\] Health-care waste handlers can come into contact with medical waste during the process of segregation, collection, transport, storage, and final disposal. They are at greatest risk of infectious hazards, especially sharps. The risk of acquiring a secondary infection following needlestick injury from a contaminated sharp depends on the amount of contamination and nature of infection from a source patient. The risk of infection with hepatitis B is more than 10 times greater than for hepatitis C, and up to 100 times greater than for human immunodeficiency virus. Other hazards to health-care waste workers include chemical exposures and ergonomic hazards. In addition, mismanagement of health-care waste poses risks to people and the environment.\[[@ref2]\]

Health-care waste workers should be trained before starting and on a routine basis to update their knowledge of prevention and control measures. Training in health and safety is intended to ensure that workers know and understand the potential risks associated with health-care waste, and rules and procedures required for safe management. They should be informed of the importance of consistent use of personal protective equipment and should be aware of where to obtain post-exposure follow-up in case of a needlestick injury or other blood exposure.\[[@ref4],[@ref5]\]

In developing countries, health-care waste has not gained much attention, and the levels of awareness among health care workers of hazards and potential risks of health-care waste are much lower.\[[@ref6],[@ref7]\] The impacts of poor health-care waste management differ from one group of workers to another. The staff that cleans the hospital and collects waste may often be at greater risk than a medical staff that produces it. These workers are usually poorly educated and least trained with little attention paid to their safety. Vaccination or proper protective equipment is uncommon for them to have.\[[@ref3]\] They can be affected by direct contact with waste every day of their working lives as a result of poor health-care waste management practices.\[[@ref8]\]

To the best authors' knowledge, no past studies have been done to assess the effectiveness of training program on hospital waste management among medical waste handlers in Egypt. There have been only two published Egyptian studies that assessed the knowledge and practice related to waste management among doctors, nurses, and housekeepers.\[[@ref9],[@ref10]\] One of them assessed the knowledge and practice related to waste management among doctors, nurses, and housekeepers in the surgical departments, at Al-Mansoura University Hospital.\[[@ref9]\] The second one was planned to examine knowledge, attitudes, and practices of physicians, nurses, and housekeepers toward waste disposal management at Ein-Shams University Hospitals, Cairo.\[[@ref10]\] Thus, the present intervention study was designed to improve knowledge and practice skills for medical waste management among handlers in some selected hospitals of Alexandria, Egypt, with a planned survey for pre- and post-training assessment.

Methods {#sec1-2}
=======

Study design {#sec2-1}
------------

Two parallel designs were adopted to accomplish this study; the first one was cross-sectional design to describe and identify the current status of medical waste management in the studied hospitals. The second was intervention study that was designed for medical waste handlers in some selected hospitals to raise their understanding, knowledge, skills, and expertise for the proper and safe handling of medical waste.

Study setting {#sec2-2}
-------------

The study was conducted to target medical waste handlers of 11 governmental hospitals in Alexandria Governorate, Egypt. The selected hospitals were chosen randomly who accepted to participate in this study, considering the constraints of accessibility. Different administrative affiliations were filled out and submitted to perform the study, directed to directorate of health affairs (DOHA), specified medical centers (SMC), health insurance organization (HIO), and curative care organization (CCO). The study was conducted from May 2015 to June 2016.

Study sample {#sec2-3}
------------

The study sample constituted 365 medical waste handlers from different departments of the studied hospitals, who accepted to participate in the study. A sample size of 340 medical waste handlers was calculated to be efficiently represented to underlying study to estimate an average rate of safety climate among medical waste handlers (52.3%), as described by Hakim *et al.*, 2014,\[[@ref9]\] with a precision rate of 7%, alpha error of 0.05 and design effect of 2, using Epi Info 7 software.

Study tools {#sec2-4}
-----------

After reviewing the relevant literature,\[[@ref11]-[@ref19]\] the following tools were developed and used in this study for data collection.

### Tool I {#sec3-1}

Observational checklist

Observational checklist was developed to obtain an initial indication of the current status of health-care waste management at each of the participated hospital. Data were collected on organization policy and planning related to medical waste management in the studied hospitals regarding training; occupational health and safety; infectious waste bags and sharp containers; classification and segregation; waste generation data; collection and handling; transportation inside hospital; storage; handling of hazardous chemical waste, pharmaceutical and radioactive waste; treatment and disposal; wastewater/liquid discharge; registers; contracts; and licenses.

### Tool II {#sec3-2}

Pre-training self-structured questionnaire

A pre-training self-structured questionnaire was developed based on scientific literature.\[[@ref11]-[@ref19]\] The questionnaire was developed in Arabic using simple language and pictures. All questions were a closed-end type which was easy to analyze and may achieve a quicker response from participants. It consisted of five parts. First part covered demographic data of the targeted workers. The second part included multiple choice four items to assess the attitude of participants toward medical waste management. The third part was designed to provide self-administered knowledge questionnaire. It consisted of multiple choice 27 items; such as identification of biohazard symbol. The forth part contained multiple choice six questions evaluating the self-practicing of waste handlers, such as sealing infectious waste bags when they are three-quarters. While the fifth part was observational part to report wearing the uniform and protective footwear for each targeted worker.

### Tool III {#sec3-3}

Post-training self-structured questionnaire

The same questionnaire as pre-training questionnaire was designed, excluding the attitude questionnaire part, to assess knowledge and practices of medical waste handlers after the intervention.

Pilot study {#sec2-5}
-----------

A pilot study was conducted on 12 medical waste handlers to test the predesigned questionnaire and was carried out before starting the actual data collection. A pilot sample was excluded from the final study sample size. The purpose of the pilot study was to ascertain the clarity, applicability of the questionnaire to ensure its validity and reliability; to estimate the time needed to fill in the questionnaire; to identify the possible obstacles or problems that may hinder data collection; to identify measures to overcome obstacles; and perform any required changes to questionnaire.

Permission and official consents {#sec2-6}
--------------------------------

For accomplishing the underlying study, official permissions were obtained from Research Ethics Committee, Central Directorate for Research and Health Development, Ministry Of Health and Population; Directorate General of Training and Cultural Relations, General Authority for Health Insurance; CCO, Alexandria; and all general managers in the studied hospitals. Verbal consent was obtained from each participated medical waste handler to be involved in this study.

Training package {#sec2-7}
----------------

Training sessions were designed to provide information that is feasible to the levels of education of medical waste handlers, through:

Teaching and learning method: Lectures and discussionTeaching and learning aids projector or laptop computer or iPad; PowerPoint presentations and videos; and eye-catching teaching aids.Content of training: After reviewing the relevant literature\[[@ref2],[@ref11],[@ref20]-[@ref24]\] content of training program was developed including the following topics: Training overview; categories of health-care waste; overview of hazards associated with health-care waste; key steps in health-care waste management for hospitals that use centralized off-site treatment; roles and responsibilities of waste handlers in health-care waste management; some health and safety practices for waste handlers; and respond to a health-care waste-related accident or incident.

Data collection {#sec2-8}
---------------

Observational checklist and a pre-tested self-structured questionnaire were used for data collection. Site visits, key informant interviews with hospitals' authorities and survey questionnaires were employed to collect information regarding various aspects of medical waste management. To facilitate filling out of the questionnaire, interviews with participated workers were performed, as most of the targeted workers were illiterate or had limited educational level.

Statistical analysis {#sec2-9}
--------------------

After data were collected it was revised, coded and fed to statistical software IBM SPSS version 20. The given graphs were constructed using Microsoft Excel software. All statistical analysis was performed using two-tailed tests and an alpha error of 0.05. *P* ≤ 0.05 was considered to be statistically significant. Scoring system was adopted, each correct answer was given a score of 1 otherwise, zero was given. The overall score was calculated by summing discrete scores for all items then the score percent was calculated as follow: "Score% = (actual score/maximum score)\*100." Descriptive statistics included means, standard deviations, and percent of scores to describe the scale and categorical data, respectively. While median was used for skewed data as mean is usually affected by extreme values and give biased average. Analysis of numeric data was performed using one-sample Kolmogorov-Smirnov test, independent sample *t*-test, Pearson's Chi-square test, Monte Carlo and Fisher's exact tests, marginal homogeneity test, and multiple stepwise linear regression.

Results {#sec1-3}
=======

Reliability {#sec2-10}
-----------

The reliability of the questionnaire was assessed by applying reliability test using Cronbach alpha. Values of Cronbach's alpha for knowledge domain and practice domains were 0.810 and 0.857, respectively, showing strong correlation, indicating that the questionnaire was convenient and well-structured for the selected sample.

Demographic information {#sec2-11}
-----------------------

Ages of participants varied from 19 to 70 years old. Majority of participants (69.6%) were in the age group of 40--70 years, 9.3% were in the age group of 19--29 years and 21.1%, were in the age group of 30--39 years. Most of the studied participants were females (71.0%). Regarding the educational status, it was found that 45.2% were illiterate while 17.8% could read and write and 14.2% had primary education. The rest of the studied subjects had basic education or above; 10.4% preparatory, 1.1 secondary, and 11.2 diploma. Concerning marital status, 67.1% of studied subjects were married, 16.4% were widows, 8.5% were divorced, and 7.9% were single. It was also found that 50.7% of participants had nonpermanent employment. Approximately half of studied participants (49.9%) had 10 years or more working experience; 21.9% had 1--4 years of experience, 19.2% had 5--9 years of experience, and only 9.0% participants had \<1 year of experience. About 73% of the studied participants didn't attend in-service related training in past 12 months. On observation of targeted workers, it was found that 32.1% of the participants did not wear suitable uniform for waste handling and 70.4% did not wear protective footwear (note: Protective footwear in this study refers to rubber sandal with closed toe, and waterproof, resistant to sharps puncture, and prevents slipping and easy to disinfect).

Pre- and post-training knowledge of participants {#sec2-12}
------------------------------------------------

[Table 1](#T1){ref-type="table"} summarizes the pre- and post-training knowledge level of participants. Pre-training, 91.0% of studied subjects were aware of the existence of health hazards due to improper medical waste management, and the awareness was increased up to 97.5% after training. These differences were statistically significant at *P* ≤ 0.05, using marginal homogeneity test. It was found that 49.0% of participants knew that not all health-care wastes are hazardous and their level of knowledge was significantly increased to 90.7% after getting awareness through training. When targeted workers were asked about different constituents of hazardous health-care wastes, only 8.8% was unaware that gauze contaminated with blood is hazardous waste compared to 33.4%, 40%, 31%, and 25.2% were unaware that aerosol cans, empty containers of chlorine-based disinfectants, used batteries and unused tablets medicine are hazardous, respectively. The knowledge was increased after training, and it was statistically significant at *P* ≤ 0.05, using marginal homogeneity test. For different constituents of general health-care wastes, 49.6%, 41.1%, and 60.8% of subjects knew that aluminum beverage cans, food scraps, and cardboard empty box are general wastes, respectively. After training, the knowledge was increased up to 83.3%, 85.5%, and 93.4%, respectively, and the levels of increase were statistically significant at *P* ≤ 0.05, using marginal homogeneity test. Majority of subjects (98.4%) had already pre-knowledge about the necessity of segregation of medical wastes in hospitals, and this percentage increased to 99.5% after training, but it was not statistically significant. About 66% of the participants were aware that segregation of waste should be carried out at the point of generation and it was significantly increased to 96.2% post-training. The majority of subjects (98.6%) were already aware of color coding system for segregation of wastes, and the knowledge was increased after giving training (*P* = 0.737). Before training, 98.1% and 95.3% of the studied subjects knew that general health-care waste should be disposed in black bags and cotton, gauze and gloves contaminated with blood disposed in red bags, respectively. After training, there was an increase in knowledge, but it was not statistically significant. About 94.0% of participants had knowledge about the disposal of needles, scalpels, and other blades in sharps containers and the awareness were increased up to 98.6% after training (*P* = 0.003). Few of the participants (4.7%) had already knowledge (before training) that liquid chemical wastes must be segregated, never be disposed of down the drain and should be stored in strong leak-proof containers and the awareness significantly increased up to 58.4% after training. Only 15.1% of participates could identify the biohazard symbol before training while, after training 80.8% of them knew the biohazard symbol (*P* = 0.001). It was found that 51.8% knew that some cleaning solutions and disinfecting are hazardous substances and 50.7% knew that transportation of infectious waste bags by hand should be avoided. The knowledge was increased up to 91.0% and 92.1%, respectively, after getting awareness program and it was statistically significant. About 47% of the participants had knowledge about the offsite treatment method of medical waste of her/his hospital and after training level of knowledge among participants was increased significantly to involve 85.8% of the sample. A majority of the subjects (86.8%) could identify the appropriate vehicle for on-site transport of medical wastes. After training the awareness was raised among 97.8% of participants and the increase was found to be statistically significant. The results showed that 17.3% of the subjects knew correct storage time for biomedical waste before the training and the knowledge was significantly increased to 87.7% after having training. Approximately 65% of the training participants were aware of post-exposure prophylaxis following needlestick injuries, and the awareness was increased up to 94.8% after training (*P* = 0.001). The results revealed a significant increase in knowledge among participants, after training, for the major three bloodborne pathogens of concern associated with a needlestick and sharps injuries from 24.4% to 82.7%. Furthermore, before the intervention, there was 18.9% of subjects knew routes of transmission of infectious disease to human while after the intervention, there were 81.4% participants aware of it (*P* = 0.001). As a summary, for all 27 studied knowledge items, there was an improvement in a percentage of workers answering them correctly after the intervention. In general, there was a statistically significant increase in all knowledge items after training except in the following four items; the necessity of segregation of medical wastes, color coding system for segregation, disposal of general health-care waste and disposal of cotton, gauze, and gloves contaminated with blood.

###### 

Knowledge level of participants toward safe management of medical waste pre- and post-training

![](IJHS-12-56-g001)

Pre- and post-training practice of participants {#sec2-13}
-----------------------------------------------

[Table 2](#T2){ref-type="table"} summarizes the pre- and post-training practices of participants. Before the intervention, 84.1% of subjects did not mention the correct performance in case of waste-segregation mistakes occur. After training, this percentage was decreased to 6.3% which was found to be statistically significant. Before training, 57.8% of subjects were pointed to the correct practice regarding seal infectious waste bags when they are three-quarters full compared to 92.3% after intervention. The increased percentage was statistically significant at *P* = 0.001. Only 15.1% of participates mentioned correct performance regarding wear the appropriate gloves (heavy duty gloves) while handling infectious waste and the percentage was significantly increased up to 96.7% after training sessions. Before training, 31.2% of the subjects indicated the safe performance regarding wash, thoroughly, heavy duty gloves before removing them. However, after training only 8.5% of them did not mention the appropriate practice after using heavy duty gloves and it was statistically significant at *P* ≤ 0.05. Regarding practice in the event of spillage solid biomedical waste, only 18.1% of the study subjects mentioned the correct practice before training. While, after training this percentage was increased to 91.2% which was statistically significant at *P* = 0.001. Concerning to the immediate practice in case of a needlestick injury, less than quarter (21.1%) of the studied subjects pointed to the correct performance before intervention compared to 89.0% of them after training. The increase was statistically significant at *P* = 0.001. Thus, there was a statistical significant improvement in all studied practice's items after training when compared to before training.

###### 

Practice of subjects for safe management of medical waste pre- and post-training
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Knowledge and practice scores pre-training versus post-training {#sec2-14}
---------------------------------------------------------------

Medical waste handlers were grouped into three categories according to their knowledge scores into low, moderate, and high, for pre- and post-training assessment, as shown in [Figure 1](#F1){ref-type="fig"}. Pre-training there were 9.6% of waste handlers in the low score category which decreased to 0.5% of participants post-training. There were also 9.6% in the high level of knowledge which was increased to 97.3% after training. Regarding practices categories, medical waste handlers were grouped into three categories; poor, fair, and good level of practice in pre- and post-training assessment, as shown in [Figure 2](#F2){ref-type="fig"}. Initially, there were 80% of waste handlers in the poor score category which decreased to only 0.8% post-training. There was only 1.1% in a good category which increased to 92.1% in good category after training.

![Percent change of subjects according to knowledge categories before and after intervention](IJHS-12-56-g003){#F1}

![Percent change among the studied subjects in practice in medical waste handling before and after intervention](IJHS-12-56-g004){#F2}

Pre- and post-training Chi-square test {#sec2-15}
--------------------------------------

Chi-square test was performed to the given answers of the studied sample pre- and post-training. The assumption was made that the given answers should be compared to optimum correct answers to identify levels of differences in knowledge and practice in the handling of medical waste. As showed in [Table 3](#T3){ref-type="table"}, comparing given to optimum knowledge answers before training, the studied sample showed a significant difference at *P* ≤ 0.05, indicating lack of awareness levels for medical waste handling among participants. These results were reversed after training in six hospitals, as given and optimum answers showed insignificant differences, indicating that knowledge was enhanced after training sessions. However, five hospitals need further training to raise the level of knowledge as although the differences among variables were decreased, values showed statistically significant differences at *P* ≤ 0.05. Comparing the given to optimum practice answers before training, the studied sample showed significant differences at *P* ≤ 0.05, indicating incorrect practices among participants. The results were reversed after training where the given and optimum answers showed insignificant differences at *P* ≤ 0.05 for all of the studied hospitals, indicating that the training sessions enhanced the skills for proper practices.

###### 

Chi-square (*χ*^2^) test for knowledge and practice on medical waste handling pre- and post- training among participants of each hospital
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Multiple linear regression analysis {#sec2-16}
-----------------------------------

Multiple stepwise linear regression analysis was used to analyze the predictors of the change in knowledge and practice before and after the intervention of participants toward safe management of medical wastes. As presented in [Table 4](#T4){ref-type="table"}, there was a significant relationship between educational level and change in knowledge scores before and after intervention while keeping all other factors constant (*B* = 1.54, *P* = 0.047). A significant relationship existed between the total experience of participants and change in their knowledge scores while keeping all other factors constant (*B* = 0.55, *P* = 0.049). There was a significant relationship between attending related training during past 12 months and change in knowledge scores among the studied participants while keeping all other factors constant (*B* = 0.56, *P* = 0.043). All other predictors of knowledge change, different demographic criteria, were not statically significant with a change in knowledge.

###### 

Multiple stepwise linear regression analysis for the predictors of the change in knowledge scores of participants of medical waste handling pre- and post-intervention
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As presented in [Table 5](#T5){ref-type="table"}, there was a significant inverse association between age of tested participants and change in practice score before and after the intervention, if keeping all other factors constant (*B* = −0.012, *P* = 0.026). A significant relationship was also found between attending training by participants in last year and practice score change that while keeping all other factors constant (*B* = 0.218, *P* = 0.047). A significant relationship also existed between baseline knowledge of targeted subjects and change in their practice score while keeping all other factors constant (*B* = 0.150, *P* = 0.003). On the other hand, none of the other studied predictors were significantly associated with the change in practice.

###### 

Multiple stepwise linear regression analysis for the predictors of the change in practice scores of participants of medical waste handling pre- and post-intervention
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Discussion {#sec1-5}
==========

The findings of the present study showed that there is a female preponderance (71.0%) among 365 workers participating in the study and 45.2% of targeted workers were illiterate. About 70% of subjects were in the age group of 40--70 years old, and 49.9% had more than 10 years of experience. About 51% had nonpermanent employment. This fact leads to higher turnover of these workers and lower experience. About 72% of participates did not attend related training in last year.

This study showed that the majority of waste workers (80.8%) had moderate knowledge before training. These findings are greater than results recorded by other studies.\[[@ref25],[@ref26]\] Amouei *et al.*, 2015,\[[@ref25]\] showed that 60% of service workers had medium knowledge on biomedical waste management. Bansal *et al.*, 2011\[[@ref26]\] in the district of Madhya Pradesh in India reported that 70.73%, 24.39%, and 4.87% of waste handlers and sweepers had poor, average and good knowledge on biomedical waste management, respectively. However, after implementation of the training program, there were significant improvements with an increased number of participants who achieved high scores, post-intervention, from 9.6% to 97.3%. The improvement in knowledge scores indicates that the program succeeded to achieve its targeted goals. This may be attributed to one or more causes, which include the comprehensive content of the educational training program, waste workers are interested and eagerness to know and change, consideration of the rules of adult learning, encouragement of questions, interactive talk with use of multimedia and repetition of the message through a variety of materials. This result is consistent with the findings presented in a previous study reported by Zagade and Pratinidhi, 2014,\[[@ref27]\] who implemented an educational program on medical waste management for biomedical waste handlers in Krishna Hospital, Karad, revealed that percentage of participants had excellent knowledge increased from 0.5% pre-intervention to 79.1% after implementing the program.

The current study showed a significant increase after intervention among all knowledge items except four items which were related to the necessity to segregate medical waste, knowledge of color coding system for segregation, disposal of general waste in black bags and disposal of infectious waste in red bags. It may be due to the majority of the studied subjects were already having knowledge about those items before training. This significant increase in the majority of knowledge items is indicating that all points in training were illustrated in a simple and clear way suitable to the targeted group.

Concerning the practice scores for medical waste workers, the results of the present study showed that 80.0% of the studied group had poor practice score regarding health-care waste management before implementation of the educational training program. While 18.9% and 1.1% of participates had fair and good practice score, respectively, the finding is not consistent with the result reported by Mostafa *et al.*, 2009\[[@ref10]\] in Surgical Departments at Al-Mansoura University Hospital, Egypt, reported that only 7.1% of the housekeepers had adequate practice. A study conducted by Gupta *et al.*, 2015,\[[@ref28]\] showed that practice score was poor in 62% of sanitary workers and was average in 38% of them. After implementation of the training program, there was a significant decrease in numbers of participants who had poor practice scores (from 80% to 0.8%). This finding pointed to that the educational intervention was very effective and clarity of practical skills offered in such programs. Improvement of practices score obtained in the present study is in agreement with Pratinidhi *et al.*, 2014,\[[@ref13]\] found that in pre-training observation there were 83.9% of biomedical waste handlers in the poor practice category which decreased to 2.1% post-training.

For all six questions, related to medical waste management practices, there was a significant improvement in a proportion of workers answering them correctly after the intervention. The percentage of improvement ranged from 34.5% to 81.6%. These findings indicated that using videos and eye-catching teaching aids were effective to illustrate the practices during training on practice items. This was inconsistency with the results of Kumar *et al.*, 2013,\[[@ref29]\] Chethana *et al.*, 2013\[[@ref30]\] and Kumar *et al.*, 2010\[[@ref31]\] who stressed that practices could be improved by proper regular training and by allocating the proper budget for concerned staff.

The results of Chi-square test of the current study indicated the need for further training for workers of the studied hospitals regarding knowledge of safe medical waste management. Chi-square test for all items of attitude indicated that categorical variables differ significantly from optimum attitude at *P* ≤ 0.05 in all of the studied hospitals. The significant differences revealed inefficient skills and urgent demands for enhancing proper attitude among the targeted medical waste handlers.

Regression analysis revealed a significant relationship between educational levels, total working experience, and attending related training during last year, with the change in knowledge scores before and after the intervention. Regression analysis also showed a significant relationship between age of tested participants, attending training during last year, and baseline knowledge of targeted subjects with a change in practice scores pre- and post-intervention. Although there was no previous literature to correlate the change in knowledge and practice scores of medical waste handlers with various factors to help to take into consideration in designing the training materials to obtain the maximum effectiveness of training.

This research has the limitations that are inherent in studies using perceptions and self-reported response data. It would have been much better if more hospitals are involved in the study. Since this study was a cross-sectional that was carried out during a short period of time; there is a scope for a longitudinal study to validate the findings and measure workers' skills post-training.

Conclusion {#sec1-6}
==========

Training in this study enhanced awareness of knowledge and practices among medical waste handlers in the studied hospitals to achieve the desired objectives. However, this improvement can be sustained in long-term with good administration and organization that requires adequate legislation and financing. Furthermore, the training programs should be conducted more frequently because the waste handlers' turnover rate in hospitals is quite high. Hence, there should be ongoing training to ensure adequate knowledge and proper practice skills for new workers as well as a continuous reminder for old workers.
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